We present the analysis of the radio jet evolution of the radio galaxy 3C 120 during a period of prolonged γ-ray activity detected by the Fermi satellite between December 2012 and October 2014. We find a clear connection between the γ-ray and radio emission, such that every period of γ-ray activity is accompanied by the flaring of the mm-VLBI core and subsequent ejection of a new superluminal component. However, not all ejections of components are associated with γ-ray events detectable by Fermi. Clear γ − ray detections are obtained only when components are moving in a direction closer to our line of sight. This suggests that the observed γ-ray emission depends not only on the interaction of moving components with the mm-VLBI core, but also on their orientation with respect to the observer. Timing of the γ-ray detections and ejection of superluminal components locate the γ-ray production to within ∼0.13 pc from the mm-VLBI core, which was previously estimated to lie about 0.24 pc from the central black hole. This corresponds to about twice the estimated extension of the broad line region, limiting the external photon field and therefore suggesting synchrotron self Compton as the most probable mechanism for the production of the γ-ray emission. Alternatively, the interaction of components with the jet sheath can provide the necessary photon field to produced the observed γ-rays by Compton scattering.
INTRODUCTION
In the unified scheme of active galactic nuclei (AGN), Fanaroff-Riley radio galaxies of type I (FRI) and II (FRII) are considered the parent population of BL Lacs and flat spectrum radio quasars (FSRQ), respectively. FRI and FRII radio galaxies belong to the misaligned AGN class, as they are oriented at larger viewing angles than blazars (the most luminous and variable BL Lac objects and flat-spectrum radio quasars). Relativistic beaming amplifies the emission of jets pointing toward the observer, making blazars the brightest objects in the extragalactic sky also in the γ-ray band. In fact, among the more than one thousand extragalactic sources detected by the Large Area Telescope (LAT) onboard the Fermi Gamma-Ray Space Telescope in two years, only 3% of them are not associated to blazar objects. FRI and FRII radio galaxies fall inside this 3%, with the predominance of nearby radio galaxies of type I (Grandi et al. 2012a) . FRII radio galaxies with GeV emission are rare, being 3C 111 the only FRII so far with a confirmed Fermi counterpart. 3C 111 is also the first FRII radio galaxy where a γ-ray flare has been associated with the ejection of a new bright knot from the radio core (Grandi et al. 2012b) . The simultaneity of the observed flare in millimeter, optical, X-ray and γ-ray bands lead Grandi et al. (2012b) to claim that the GeV dissipation region is located at a distance of about 0.3 pc from the central black hole.
The rapid γ-ray variability observed in FRI radio galaxies, with time scales of months in the case of NGC 1275 (Abdo et al. 2010; Kataoka et al. 2010) , or even days for the case of the TeV variability in M87 (Aharonian et al. 2006; Harris et al. 2011) , suggests that the γ-ray emission in these sources originates also in a very compact jet region. Results from over ten years of multiwavelength observations of M87 (Abramowski et al. 2012) suggest that the very high energy flares may take place in the core (for the case of the 2008 and 2011 TeV flares), or in the HST-1 complex, about 0.8 downstream the jet (in the case of the 2005 TeV flare). More recently, Hada et al. (2014) found that the last TeV flare occurred in M87 in 2012 originates in the jet base, within 0.03 pc from the black hole, but no correlation with the MeVGeV light curve obtained by Fermi has been found.
Recently, the Large Area Telescope detected an unprecedented γ-ray flare from the FRI radio galaxy 3C 120 on September 24th, 2014 when the source reached a daily flux (E>100 MeV) of 1.0±0.3×10
−6 photon cm −2 s −1 , as reported in Tanaka et al. (2014) . This recent flare appears to be associated with a higher state of γ-ray activity in the source. In fact, since December 2012 the radio galaxy 3C 120 registered a series of γ-ray events, indicating a flaring activity that lasted until at least our last data analyzed, in 2014 October 4.
The radio galaxy 3C 120 (z=0.033) presents an FRI morphology, but it also has a blazar-like radio jet, showing multiple superluminal components at parsec scales (Gómez et al. 2000 (Gómez et al. , 2011 , as well as at distances as large as 150 pc in projection from the core (Walker et al. 2001 ). This radio galaxy reveals also X-ray properties similar to Seyfert galaxies, with the X-ray spectral slope increasing with intensity (Maraschi et al. 1991) , and a prominent iron emission line at a photon energy of 6.4 KeV. This implies that most of the X-ray emission comes from, or near the accretion disk, rather than in the jet. In addition, the observed strong correlation between dips in the X-ray emission and the ejection of new superluminal components in the radio jet (Marscher et al. 2002; Chatterjee et al. 2009 ) reveals a clear connection between the accretion disk and the radio jet.
In this paper we present the first association of γ-ray emission and the ejection of new superluminal components in a FRI radio galaxy, 3C 120. This resembles the recent findings on the FRII radio galaxy 3C 111 (Grandi et al. 2012b ). We present the radio data set analyzed in this study, as well as methods used to reduce radio data in Section 2; in Section 3 we present the analysis and results of the Fermi-LAT data; in Section 4 we study the radio emission at 15 and 43 GHz in the parsec scale jet; Section 5 presents the connection between the γ-ray and radio emission, and in Section 6 we discuss our findings.
The cosmological values adopted from the Planck's results (Planck Collaboration et al. 2014) are Ω m = 0.3, Ω Λ = 0.7, and H 0 = 68 km s −1 Mpc −1 . With these values, at the redshift of 3C 120 (z=0.033) 1 mas corresponds to a linear distance 0.67 pc, and a proper motion of 1 mas yr −1 corresponds to an apparent speed of 2.21c.
RADIO DATA ANALYSIS
To study the structure of the radio jet in 3C 120 we have collected data from two of the most extended VLBA monitoring programs: the MOJAVE 11 and the VLBA-BU-BLAZAR programs 12 . This radio dataset consists of 46 epochs of VLBA data at 15 GHz taken from the MO-JAVE survey, covering the observing period from June 2008 to August 2013, and 21 epochs of VLBA data at 43 GHz from the VLBA-BU-BLAZAR program, covering the period from January 2012 to May 2014.
The reduction of the VLBA 43 GHz data has been performed using a combination of AIPS and Difmap packages, as described in Jorstad et al. (2005) . VLBA data at 15 GHz have been calibrated by the MOJAVE team, following the procedure described in Lister et al. (2009a) . For comparison across epochs all the images have been convolved with a mean beam of 0.3×0.15 mas and 1.2×0.5 mas for the VLBA-BU-BLAZAR and MO-JAVE programs, respectively.
To determine the structural changes in the radio jet we have modeled the radio emission through fitting of the visibilities to circular Gaussian components using Difmap
The LAT data collected during 72 months of operation (from 2008 August 4 to 2014 August 4)
13 were analyzed using the Fermi-LAT ScienceTools software (version v9r32p5) and the P7REP SOURCE V15 set of instrument response functions 14 . The time intervals when the rocking angle of the LAT was greater than 52
• were rejected and a cut to select a maximum zenith angle of 100
• of the events was applied to exclude γ-rays originating from cosmic ray interactions with the Earth's atmosphere.
The detection significance of a source is provided by the TS = 2[logL(source)-logL(no source)], where L(source) is the maximum likelihood value for a model with an additional source at a specified location and L(no source) is the maximum likelihood value for a model without the additional source (Mattox et al. 1996) . When the TS is less than 10 or the ratio of the flux uncertainty to the flux is more than 0.5, a 2σ upper limit of the flux is provided. Depending on the TS value, the upper limits are calculated using the profile (TS≥ 1) or the Bayesian (TS< 1) method as described in the second LAT catalog (2FGL catalog; Nolan et al. 2012 ). All errors reported in the figures or quoted in the text are 1σ statistical errors. The estimated systematic errors on the flux, 10% at 100 MeV, decreasing to 5% at 560 MeV, and increasing to 10% at 10 GeV, refer to uncertainties on the effective area of the instrument 15 .
3.1. The 72-month Average Spectrum We performed both binned and unbinned likelihood analysis following the standard LAT data analysis procedures, obtaining consistent results.
Here we present results from binned analysis to be consistent with published data (Ackermann et al. 2011) . We accumulated 72 months of data to obtain the average γ-ray spectral properties of the source.
The adopted model included all 2FGL sources within 15
• of 3C 120 (R.A.(J2000)=68.2962313
• , Dec(J2000)=5.3543389
• ). The studied source was modeled with a power law. All spectral parameters of the sources more than 10
• from the center of the Region of Interest (RoI) were fixed to the 2FGL values. The Galactic diffuse emission was modeled using the standard diffuse emission model gll iem v05 rev1.fit while isotropic γ-ray emission and the residual cosmic ray contamination in the instrument were modeled using the template iso source v05.txt.
3C 120 was detected in the 100 MeV-100 GeV band with a TS value of 107 (∼ 10σ). The source is steep ( photon index Γ=2.7±0.1) and weak with a flux of . A bin width of 3 months is adopted. A 2σ upper limit flux is shown (arrow) when the source is not detected (TS<10). For comparison the light curves of the nearby FSRQ (PKS 0423+051) at 1.6 degrees from 3C 120 are also shown in the same energy ranges. There is not significant overlapping, as 3C 120 and PKS 0423+051 appear to be active in different time intervals.
F >100 MeV = 2.5 ± 0.4 × 10 −8 photon cm −2 s −1 , in agreement with the result of Abdo et al. (2010) . As noted by the same authors, a Flat Spectrum Quasar, PKS 0423+05, is located at only ∼ 1.6 degrees from the radio galaxy. In our analysis, the blazar is soft (Γ=2.6±0.1) and slightly fainter (F >100 MeV = 1.77 ± 0.36) × 10 −8 photon cm −2 s −1 ) than 3C 120.
3.2. Light Curves Gamma-ray light curves were produced by dividing the analyzed time interval in temporal segments and repeating the likelihood analysis with only the normalizations of the sources within 10
• free to vary. The spectral slopes of all the sources in the RoI were kept fixed to the best fit values of the 72-month likelihood analysis.
At first we produced a light curve from 2008 August 4 to 2014 August 4 with a bin size of 3 months in the 100 MeV-100 GeV energy band. The light curve shown in Figure 1 (left upper panel) indicates that 3C 120 was active starting from 2012. Abdo et al. (2010) reported also a detection between November 2008 and February 2009. Our new analysis, which was performed with up-dated background files and new instrument response functions, provides only a flux upper limit for the same time interval (second bin of the light curve). Although we can not claim a detection, the calculated TS value is however high (TS=9.2, corresponding to ∼ 3σ) and only slightly below the usually adopted detection threshold (TS=10).
Considering that PKS 0423+051 is at only 1.6
• from 3C120, that both sources have steep spectra and, that the LAT PSF is very broad at MeV energies, we decided to explore the 3-month light curve of the quasar to check for possible confusion effects. As shown in Figure 1 , PKS 0423+051 and 3C 120 flare in different periods and exhibit light curves with different pattern, suggesting a negligible (mutual) contamination.
As further test, we also performed a variability study considering only photons with energy > 500 MeV. Above this energy, the 68% containment angle (i.e., the radius of the circle containing 68% of the PSF) is indeed comparable or smaller than the separation of the two sources. The 500 MeV−100 GeV light curves (Figure 1 , right panel) are similar to those obtained taking also into account softer photons, supporting the previous conclusion on negligible confusion effects.
Finally, we reduced the integration time interval of each bin to 15 days to better constrain the time of the γ-ray detections, shown in Table 1 . In this case the analysis has been extended until October 2014 to confirm the flare at the end of September 2014 reported in Tanaka et al. (2014) . Our analysis yields a γ −ray flux of 2.52 ± 0.86 × 10 −8 photon cm −2 s −1 in MJD 56924-56939 for the September 2014 event (see Table 1 ). GeV with a bin size of 15 days. a a Notes.We report the integration time in MJD and date, the flux with the corresponding error in 10 −8 photon cm −2 s −1 and the TS value associated to each γ-ray detection. 
VLBA data at 15 GHz
The study of the jet evolution at 15 GHz has been performed on the series of 46 VLBA images obtained by the MOJAVE monitoring program -a subset of these images is displayed in Figure 2 , where contours represent the total intensity with model-fit components (red circles) overlaid.
We detected in total 25 components, apart from the core, although some of them characterize more probably the underlying flux density than knots that have been ejected from the core and move along the jet. The radio core is usually defined as the bright, compact feature at the upstream end of the jet, which may correspond to a recollimation shock (i.e., Gómez et al. 1997 ) at millimeter wavelengths and to the optically thin-thick transition at centimeter wavelengths.
Components E-F and C are robustly identified moving and standing features, respectively, and the rest of model-fit components are required by the data, but cannot be cross-identified across the epochs and may represents e.g., emission from the underlying jet flow. The core, identified with component C0, is considered stationary across epochs. Plots of the separation from the core and flux density evolution of the fitted components are shown in Figs. 3 and 4, respectively.
We fit the trajectories with respect to the core for all the superluminal knots that can be followed for a significant number of epochs, as plotted in Fig. 3 . In order to have a better determination of the time of ejection of each component, namely the time when a new knot crosses the radio core, we use linear fits for the component separation versus time. Note that in some cases we have found evidence for components merging, splitting, or a clear acceleration in their motion (e.g., Homan et al. 2009 Homan et al. , 2015 . In those cases we have considered only the initial epochs with a clear linear fit, as we are mainly interested in determining the time of ejection of each component. The time of ejection, angular and apparent velocities of the components are tabulated in Table 2 .
We find that superluminal components move with apparent velocities between 5 and 6 c, in agreement with previous findings (Gómez et al. , 2008 (Gómez et al. , 2011 Jorstad et al. 2005) . This agrees also with recent MOJAVE results (Lister et al. 2013) where the 3C 120 kinematics, together with the radio galaxy 3C 111, departs from the others in the sample. These two radio galaxies seem to be the only ones displaying clear superluminal motions and with apparent speeds that do not commonly change with distance from the core.
From June 2008 to the beginning of 2012 a stationary feature, C1, is found at a distance that shifts between ∼ 0.4 -0.7 mas from the core. We identify this component with that reported by León-Tavares et al. (2010) at 0.72±0.25 mas from the core, which is assumed by the authors to be related with optical flares when new components cross its position. Starting in 2012 the innermost 1 mas region of the jet changes, so that two stationary components can be found, C1 and C2. An extra component, labeled S9, is also required to fit some extended and weak flux density at ∼1.5 mas from the core.
As can be seen in Figs. 2 and 4, the presence of two stationary components (C1 and C2) within the innermost 1 mas is associated with an increase in flux density and a more extended structure of the core. Component C1 is observed to progressively increase its flux density between mid 2012 and the beginning of 2013, when both, the core and C1 are in a high flux density state. Three months later component C2 also shows an increase in flux density. These changes in the innermost structure of the jet are associated with the ejection of a new component, d11, revealed by the 43 GHz VLBA data (see section 4.2), which extends our study of the jet until May 2014.
Two other radio flares in the core have been also observed, one at the end of 2008 (2008.76±0.10 yr) and a second one at the beginning of 2011 (2011.15±0.05 yr). The flare in 2011 is associated with the ejection of a weak radio component from the core, E9, for which we estimate the time of ejection in 2011.23±0.04. The radio core flare at the end of 2008 is instead associated with the ejection of a bright superluminal knot, E4, in 2008.82±0.04 yr. The light curves of the different components shown in Fig. 4 reveal the unusually large flare experienced by E4. By mid 2009 it has doubled its flux density, reaching a peak of ∼ 1.5 Jy and becoming brighter than the core itself. During the high state of flux density of E4 another component, named E4a, appears very close to it, suggesting an increase in extension of component E4 during the flare, as can be seen in Figs. 2, 3, and 4. In this case we consider more appropriate to take into account a flux-density-weighted distance between that of E4 and E4a to estimate the distance from the core of the new component E4 during its high state of flux density. The same method is used for components E1 and E1a, as we considered E1a an extension of E1 soon after this component is ejected from the core at the beginning of 2008. A similar splitting of components was also observed previously in 43 GHz VLBA images of 3C 120 The extended emission structure of components E1 and E4 (associated with components E1a and E4a) is consistent with Aloy et al. (2003) relativistic hydrodynamic simulations, where the passage of a new perturbation from a series of recollimation shocks results in extended emitting regions due to light-travel time delays between the front and the back of the perturbation. Figure 4 shows also the light-curve obtained from adding the flux densities of C0 and C1. The stationary component C1 is usually located at a distance from the core of the order or smaller than the observing beam, therefore in many epochs it is difficult to disentangle its flux density from that of the core. For instance, the com- bination of the C0+C1 flux density reveals a high state leading to the ejection of component E8 in mid 2010. It is also particularly remarkable the increase in flux density of the C0+C1 complex in mid 2013 leading to the ejection of a new component, d11, seen at 43 GHz (see below).
VLBA data at 43 GHz
We modeled the 43 GHz jet in the same manner as for the 15 GHz data, finding a total of 16 components, although as in the case of the 15 GHz data, some of them are most probably related to the underlying continuum flow and it is difficult to follow them along the jet. In each epoch we identify the core with c0 and we consider it a stationary feature. Figure 5 shows a sequence of VLBA 43 GHz images in total intensity, where red circles represent model-fit components. The displayed images cover the observing period from October 2012 to May 2014, when 3C 120 was detected at γ-ray frequencies.
As observed in the 15 GHz data, starting in mid 2012 we find an increase in the flux density and extension of the core, requiring up to three stationary components, d10, d9, and d8, to model the innermost 0.5 mas structure (see Figs. 6 and 7) . Because of the different angular resolution and opacity with respect to that obtained at 15 GHz, it is difficult to establish a one-to-one connection among the components at 43 and 15 GHz for the inner- most jet region. We tentatively identify components s9b and s9c with substructures of component S9 seen at 15 GHz. Furthermore, during the enhanced activity of the source starting in mid 2012 it is not clear whether d10, d9, and d8 at 43 GHz -and C1, C2 at 15 GHz -correspond to actual physical structures in the jet, like recollimation shocks, or they trace the underlying emission of the jet.
The radio core persists in a flaring state until January 2013. After this, the peak in flux density moves from the core along the jet, crossing progressively the three stationary features close to it (d10, d9 and d8). When the perturbation crosses the last stationary component, d8, we can clearly discern a new knot, d11, that emerges from the first 0.5 mas in 2013.4 yr (see Fig. 5 ). From the progressive flaring of stationary features close to the core we can infer the extension of the crossing emitting region, obtaining ∼0.35 mas. This is significantly larger that the FWHM obtained from the model-fit of d11 (see Table 4 ), which suggests that d11 is in fact part of a more extended region, resembling the results obtained from relativistic hydrodynamical simulations (Aloy et al. 2003) . Fitting of the separation versus distance for d11 yields a proper motion of 1.91±0.09 mas/yr, which corresponds to an apparent velocity of 4.22±0.22c. The estimated time of ejection, that is, when component d11 crossed the radio core at 43 GHz, is 2013.03±0.03.
A similar situation takes place also in the second half of 2013, when the core, together with components d10 and d9, starts to bright and a new component, d12, appears at ∼ 0.45 mas. We note also that another component, d12a, appears very close in time and position to component d12, although it displays a significantly slower proper motion. Component d12 moves at 2.1±0.2 mas/yr (4.7±0.3 c), while component d12a moves at 1.2±0.2 mas/yr (2.6±0.5 c). We note, however, that the estimated time of ejection for d12 and d12a, 2013.67±0.02 yr and 2013.64±0.07 yr, respectively, is the same within the uncertainties. Both components therefore originated simultaneously in the millimeter VLBI core, although they propagate at quite different velocities afterwards.
Time delays stretch the shocked emission in the observer's frame, so that with the necessary angular resolution multiple sub-components associated with a single shock could be distinguished in the jet, but in this case they would have similar apparent velocities, in contrast with what it is observed for components d12 and d12a. Trailing components have a smaller velocity than the leading perturbation, but they are released on the wake of main perturbation , instead of being ejected from the core, as occurs for component d12a. On the other hand, relativistic hydrodynamic simulations show that a single perturbation in the jet inlet leads to the formation of a forward and reverse shock (Gómez et al. 1997; Aloy et al. 2003; Mimica et al. 2009 ). Therefore, the fact that components d12 and d12a are ejected from the core at the same time but with different velocities suggests that they may correspond to the forward and reverse shock of a perturbation.
CONNECTION BETWEEN γ-RAY AND RADIO

EMISSION
Our analysis of the Fermi-LAT data (see Figs. 1 and Tab. 1) shows a prolonged γ-ray activity in the radio galaxy 3C 120 between December 2012 and September-October 2014, when the source reaches a flux of F >500 MeV = 2.5 ± 0.8 × 10 −8 photon cm −2 s −1 , about an order of magnitude larger than in previous detections. Three clear periods of γ-ray activity are found at the end of 2012 (56264-56279 MJD), September-October 2013 (56549-56579 MJD), and May-October 2014 (56774-56939 MJD).
The γ-ray activity in December 2012 is accompanied by an increase in the radio core flux density, as well as in the innermost stationary components, at both 15 and 43 GHz (see Figs. 4 and 7) , leading to the ejection of component d11 in 2013.13±0.03 (see also Fig. 6 ). From the estimated proper motion of d11 we infer that in the last epoch of the 15 GHz data this component is still in the innermost region of the jet as imaged at 15 GHz, crossing the stationary component C2.
After this first γ-ray detection the source remains in a quiescent state until August 2013, when another γ-ray event covering the period from August 2013 to October 2013 is detected. The 15-days binning analysis (see Tab. 1) constrains the main flaring activity to SeptemberOctober 2013 (56549-56579 MJD), coincident with the flaring of the radio core at 43 GHz and the ejection of the d12-d12a pair of components (see Figs. 5 to 7) .
There is also indication of the beginning of a new flaring activity in the 43 GHz radio core associated with the last γ-ray flaring activity starting in May 2014, but further VLBI images are required to confirm the ejection of a new component in this event.
We therefore can conclude that there is a clear association between the γ-ray and radio emission in 3C 120, such that every period of γ-ray activity is accompanied by flaring of the VLBI radio core and subsequent ejection of a new superluminal component in the jet. However, not all ejections of superluminal components are related to enhanced γ-ray emission, detectable by Fermi-LAT, as occurred for components E4, E5, E6, E8, and E9. The case of component E4 is particularly interesting. Abdo et al. (2010) report a γ-ray detection in December 2008, coincident with an increase of the 15 GHz radio core flux, leading to the ejection of E4 in 2008.82±0.04. This is also coincident with an optical flare in December 2008, as reported by Kollatschny et al. (2014) . We also note that E4 reached a peak flux of ∼ 1.5 Jy, significantly larger than any other component seen in our analysis. Despite this intense activity in the optical and radio core, our analysis of the Fermi data during this period does not provide a clear detection in γ-rays, although the calculated TS (corresponding to ∼ 3σ) is only slightly smaller than the usually adopted detection threshold.
DISCUSSION
Motion of components along the jet
The debate on the origin and location of the γ-ray emission in blazars has gained added interest since the launch of the F ermi satellite. Much of the current discussion lies in whether γ-rays are produced upstream of the mm-VLBI core, as suggested by some γ-ray and radio correlations (e.g. Rani et al. 2013a Rani et al. , 2014 ) and the observed γ-ray spectral break at few GeVs (Abdo et al. 2009; Finke & Dermer 2010; Poutanen & Stern 2010; Tanaka et al. 2011; Rani et al. 2013b) or downstream, as suggested by coincidence of γ-ray flares with either the appearance of new superluminal components (e.g. Jorstad et al. 2010 Jorstad et al. , 2013 or the passage of moving components through a stationary jet feature (Schinzel et al. 2012; Marscher 2013) .
As observed in several blazars (Jorstad et al. , 2013 Ramakrishnan et al. 2014) , the interaction between traveling features and the stationary radio core appears to be a necessary condition for the production of γ-ray photons in 3C 120, but it is clearly not enough. Therefore, to understand the γ-ray emission in 3C 120, and more generally in AGN, it is necessary to address the question of what physical changes in the jet can produce γ-ray emission.
We note that the beginning of the γ-ray activity in 3C 120 occurs after a sustained period of low activity in the jet. As indicated in Table 2 , during the time period analyzed new components are seen in the jet of 3C 120 roughly every 8 months; however, no new components are detected in the jet between the ejection of E9 in 2011.23±0.04 and component d11 in 2013.03±0.03, implying a lack of activity in the jet for almost 2 years. Note that after the ejection of d11 the source resumes its activity with the ejection of component d12, again roughly 8 months later.
Analysis of the components' proper motions (see Table 2 ) reveals a clear pattern of decreasing apparent velocities, from the 6.21±0.11c of E0 to 5.12±0.19c of E9. Furthermore, when the core resumes the ejection of components after a 2-year inactivity, the apparent velocities measured for d11 and d12 have further decreased to 4.22±0.22c and 4.70±0.31c, respectively. Component d12a shows an even smaller velocity of 2.75±0.45c, but we believe this component differs for the other components seen previously in 3C 120 in which it is probably associated with a reserve shock.
Note that model-fits at 43 GHz and 15 GHz trace the motion of components continuously throughout the jet. We also find no evidence for acceleration (only component E6 shows a clear acceleration at ∼8 mas from the core), hence we consider that the proper motions measured at 43 GHz provide a good estimation for the expected values should these components be detected later on at 15 GHz, reassuring our finding for a progressive decrease in the apparent velocity of the components from ∼6.2c to 4.2c in a time span of approximately 6.4 years, from 2007.3 to 2013.7. This progressive change in the apparent velocity of components could be due to a change in the velocity and/or orientation of the components. Considering that the 6.4 yr time span measured roughly agrees with the 12.3±0.3 yr full period determined by the precessing jet model of Caproni & Abraham (2004) , we favor the case in which it is produced by a change in the orientation of the components with respect to the observer. Figure 8 shows the motion of components along the jet, as well as their position angle (PA) with distance from the core. We observe that components E1-E1a (and presumably E0) are ejected with a PA of around −110
• and they travel towards the south-west direction while the other components at 15 GHz are ejected with a PA between −117
• and −123
• and move initially in a less southern direction. Components E5 and E6 present a significant change in their velocity vectors at a distance of ∼3 mas from the core, as observed previously for other components and interpreted as the interaction with the external medium or a cloud (Gómez et al. 2000 (Gómez et al. , 2008 . Components d11 and d12-d12a are ejected with a PA of around −110
• , similar to that observed previously for E1-E1a. Note that in a precession model components E1 and d12 would have similar projected velocity vectors while differing in their orientation with respect to the observer. Despite the initially different position angles, components move following parallel paths after the initial ∼ 4-5 mas. Rather than a precession of the whole jet, we therefore favor the model in which the jet consists of a broad funnel through which components -not filling the whole jet width -are ejected and travel at differ position angles, as supported also by previous observations of 3C 120 (Gómez et al. 2011 ) and other sources in the MOJAVE sample (Lister et al. 2013) .
Considering that the slower apparent velocities of d11 and d12 are related to the first γ-ray detections, we conclude that these components are most likely ejected with a smaller viewing angle. This should increase the Doppler factor, leading to the enhanced γ-ray emission measured since the end of 2012, and a significant increase in the total flux of the core and innermost stationary features (see Fig. 7 ). However, we cannot completely rule out the possibility that the smaller apparent velocities are just due to greater viewing angles, or slowing of the components' velocity.
It is possible to estimate the required minimum Lorentz factor, Γ min = (1 + β 2 app )
1/2 = 6.3, using the observed maximum apparent velocity of 6.2c. To minimize the required reorientation of the components, we can assume that the maximum apparent velocity is obtained for the angle that actually maximizes the apparent velocity, given by θ = arccos(β), where β is the component's velocity in units of the speed of light. Using our previous estimation of Γ min = 6.3, we obtain a viewing angle of θ ∼ 9.2
• for the maximum apparent velocity of 6.2c measured for component E0, in agreement with Hovatta et al. (2009) . Given that the observed decrease in the apparent velocity is probably produced by a decrease in the viewing angle, the smallest observed apparent velocity of 4.2c for d11 requires θ ∼ 3.6
• . These values agree with the precession model of Caproni & Abraham (2004) , for which the authors estimate Γ = 6.8 ± 0.5 and a variation of the viewing angle between (6.3±0.8
• ) and (3.3±0.8
• ). We should note however that our measured change in the apparent velocities is shifted from the periodicity phase predicted by Caproni & Abraham (2004) model.
This change in the orientation from θ ∼ 9.2 • to θ ∼ 3.6
• would lead to an increase in the Doppler factor from δ ∼ 6.2 to δ ∼ 10.9, enhancing the γ-ray emission above the flux detectable by F ermi.
In summary, all these evidence suggest that the observed γ-ray emission in 3C 120 depends strongly on the orientation of component's motion with respect to the observer, so that only when they are best oriented and a new superluminal component pass through the radio core a clear γ-ray detection is obtained.
Superluminal components are associated with shocks moving along the jet, hence the inferred values for the velocity -provided there is an estimation of the jet orientation -correspond to the pattern velocity of the shock, not the actual flow velocity. The detection of the forward and reserve shocks of the perturbation associated with d12 and d12a, respectively, allows to obtain a direct calculation of the jet bulk flow velocity. For the estimated viewing angle of ∼ 3.6
• during the ejection of components d12 and d12a we obtain the corresponding pattern velocities of Γ d12 =6.7 and Γ d12a =5. Hence, we can conclude that the jet bulk flow velocity is restricted to be 5 ≤ Γ j ≤ 6.7.
6.2. Gamma-ray location and emission mechanism Our first γ-ray detection at the end of 2012 is associated with the passage of component d11 through the mm-VLBI core, whose time of ejection is coincident with the 3 months-bin γ-ray detection, and is ∼ 34 days (0.09 yr) after the 15 days-bin γ-ray detection. On the other hand, Marscher et al. (2002) and Chatterjee et al. (2009) have measured a mean delay of 0.18 yr (∼ 66 days) between X-ray dips and the ejection of new superluminal components. Considering that most of the X-ray emission in 3C 120 originates from the disk-corona system, close to the central black hole (BH), we can consider this time delay as the distance in time between the BH and the mm-VLBI core. A mean apparent motion of ∼ 2 mas/yr corresponds to a rate of increase in projected separation from the core of ∼0.24 pc/yr -or slightly smaller if we allow for some initial acceleration of the components.
The measured delay of 34 days between the 15 days-bin γ-ray detection and the passage of d11 from the mm-VLBI core locates the γ-ray emission upstream of the mm-VLBI core, at a distance about half of that between the BH and the core. Relativistic 3D hydrodynamic simulations of Aloy et al. (2003) show that time delays stretch significantly the observed size of components, so that our VLBI observations could detect only some portions of the component, depending on the strength of the forward/reverse shock and Doppler factor (i.e., viewing angle). Considering also that we have estimated for component d11 a size of ∼0.35 mas (0.2 pc) once it is clearly detached from the core, it is possible that the 15 daysbin γ-ray detection could correspond to the passing of the forward section of the d11 perturbation through the mm-VLBI core, while later on our VLBI images identify only the back section, as it is precisely seen in the numerical simulations of Aloy et al. (2003) . In this case the flaring in γ-rays would more closely mark the crossing of the d11 perturbation through the mm-VLBI core.
The second γ-ray event is instead associated with the ejection of components d12 and d12a. In this case the time of ejection of these two components is also coincident with the 3 months bin γ-ray detection, but the finer time sampling of the 15-days γ-ray light curve constrains the γ-ray production to ∼ 33 days after. Hence we conclude that in the second γ-ray event the high energy emission is produced downstream of the mm-VLBI core, at a projected distance of ∼ 0.13 pc from its position -smaller if we consider that the shock responsible for the γ-ray emission is the slower moving d12a.
Reverberation mapping studies of the broad-lineregion (BLR) in 3C 120 suggest an inclined disk model with an extension from 12±7 light days (∼0.01 pc) to 28±9 light days (∼0.025 pc), from the BH (Grier et al. 2013; Kollatschny et al. 2014) . These studies also found evidence of radial stratification in the BLR as well as infall and rotation related to the BH gravity. Therefore the BLR extends to about half of the estimated distance between the BH and the mm-VLBI core, severely limiting the external photon field from the BLR at the location of the mm-VLBI core. Hence we favor synchrotron self Compton as the mechanism for the production of γ-ray photons in the case of the second γ-ray event in late 2013, although we cannot discard the contribution from another external photon field, such the sheath or the external ionized cloud.
The External Compton process with photons coming from the BLR could be instead a possibility for the first γ-ray event, as our findings point to a γ-ray dissipation zone between the BH and the radio core, on the limit of the extension of the BLR. The different orientation of the components within the broader jet funnel supports also a model in which they interact with the sheath of the jet (see also Gómez et al. 2000 Gómez et al. , 2008 . In this case the observed γ-ray activity can be produced by Compton scattering of photons from the jet sheath, as proposed by Marscher et al. (2010) to explain the γ-ray activity seen in PKS 1510-089. Grandi et al. (2012b) obtain similar results for the FRII radio galaxy 3C 111, associating the γ-ray activity with the ejection of a new radio component from the core, and confining the γ-ray dissipation region within 0.1 pc at a distance of almost 0.3 pc from the black hole. These two radio galaxies have other similarities as they are both BLRGs and they show a connection between the radio jet and the corona-disk system (Marscher et al. 2002; Chatterjee et al. 2011 ). In addition, the apparent motions of superluminal components detected in their jets detach from those of the other radio galaxies in the MOJAVE sample (Lister et al. 2013 ).
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